and their homologous series compounds. 6, [10] [11] [12] [13] All of these spacer layers consist of ionic chemical bonds, thus the spacer layers are insulating in nature.
In this letter, we report the discovery of novel iron-based superconductors with spacer layers made of covalent Pt arsenides. Using X-ray diffraction and chemical analyses, we identified the compounds to be Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 (referred to as α-phase) and Ca 10 (Pt 3 As 8 )(Fe 2−x Pt x As 2 ) 5 (referred to as β-phase). Both compounds crystallize in triclinic structures with the space group P1 (♯ 2). The α-phase exhibits superconductivity at T c ≃ 38 K, the β-phase at T c ≃ 13 K.
Single crystals of Ca 10 (Pt n As 8 )(Fe 2−x Pt x As 2 ) 5 were grown by heating a mixture of Ca, FeAs, Pt, and As powders. The mixture of 0.5 g with a ratio of Ca : Fe : Pt : As = 23 : 23 : 10 : 44 was placed in an alumina crucible (inner diameter of 6 mm and length of 60 mm) and sealed in an evacuated quartz tube. All manipulations were carried out in a glove box filled with argon gas. The ampules were heated in two ways. Heating at 700
• C for 3 h and then at 1000
• C for 72 h followed by slow cooling to room temperature yielded an α-phase with T c = 38 K, whereas heating at 1100
• C and slow cooling to
1050
• C for 40 h yielded a β-phase with T c = 13 K. The β-phase was obtained as a single phase without any secondary phases. In contrast, the α-phase was always obtained in the form of a mixture of α-phase crystals and slag containing nonsuperconducting Ca(Fe 1−x Pt x ) 2 As 2 (x ≃ 0.08) and Ca 2 As powders. We obtained platelike crystals with a typical size of 1 × 1 × 0.1 mm 3 for both phases. The crystals were characterized by synchrotron radiation X-ray diffraction 14, 15) and electron-probe microanalysis (EPMA). Longitudinal and Hall resistivities were measured using a Physical Property Measurement System (Quantum Design). Magnetization was measured using a SQUID magnetometer (Quantum Design).
Single-crystal structure analysis reveals that the compounds crystallize in triclinic structures with the space group P1 (♯ 2). The structures consist of alternating stacking of (Fe 2 As 2 ) 5 and Pt n As 8 layers (n = 4 for α-phase and n = 3 for β-phase) with five Ca ions between them, as depicted in Figs Table I and II.
The most notable feature of the present compounds is the presence of Pt n As 8 layers, of the β-phase, as shown in Fig. 1(d) , to form the Pt 3 As 8 layers.
The Pt 3 As 8 layers alternating with Fe 2 As 2 layers were directly confirmed for the where Z is the atomic number; thus the brightest spots correspond to Pt, and the faintest spots correspond to Ca. Ca is located between the Fe 2 As 2 and Pt 3 As 8 layers, consistent with the X-ray refinements. Evidence of bulk superconductivity can be seen in the temperature dependence of magnetization M shown in Fig. 4 . All samples exhibited a diamagnetic behavior, a hallmark of superconductivity. The onset T c 's were estimated to be 38 K, 29 K, and 13 K for ♯4, ♯2, and ♯1, respectively. The shielding volume fraction at 5 K without demagnetizing-field corrections were 139, 163, and 82% for ♯4, ♯2, and ♯1, respectively.
Thus the highest T c of 38 K was obtained in the α-phase (♯4).
The Hall coefficient R H , shown in Fig. 5 , is negative for all samples, suggesting that the major carriers are electrons in both α-and β-phases. The strong temperature de- pendence of R H observed in the β-phase (♯1), as well as the semiconducting resistivity at low temperatures, is reminiscent of underdoped materials. Indeed, analogous behaviors are observed in the underdoped Ba(Fe 1−x Co x ) 2 As 2 with x = 0.05. 16 ) R H for the α-phase (♯2 and 3) exhibits a weak but distinct temperature dependence, which again is analogous to those reported in optimally doped Ba(Fe 1−x Co x ) 2 As 2 with x = 0.09.
16)
The Pt content of x/2 ≃ 0.18 for optimally doped Ca 10 (Pt 4 As 8 )(Fe 2−x Pt x As 2 ) 5 is by far larger than the Co content for optimally doped Ba(Fe 1−x Co x ) 2 As 2 (x = 0.09), suggesting that Pt causes the doping of fewer electrons than Co, the most studied dopant for iron-based materials. This is consistent with the absence of superconductivity in Ca(Fe 1−x Pt x ) 2 As 2 up to the solubility limit of x ≃ 0.08. arsenide, are covalent in nature; thus we expect that Pt orbitals may contribute to charge transport and possibly to superconductivity. Indeed, most platinum arsenides are metallic and even superconductivity has been observed in SrPt 2 As 2 18) and SrPtAs.
Formal electron counts of As

19)
Further investigations will be invaluable to determine whether novel electronic states are realized in the present materials.
Recently, Ni et al. 20) reported superconductivity and crystal structures on Ca 10 (Pt 4 As 8 )(Fe 2 As 2 ) 5 and Ca 10 (Pt 3 As 8 )(Fe 2 As 2 ) 5 , based on our previous report.
21)
The α-phase and β-phase in the present study most likely correspond to 10-4-8 and 10-3-8 phases reported by Ni et al. 20) Higher T c was observed in the present study, likely due to the difference in Pt contents in the Fe 2 As 2 layers.
In summary, we reported that the quaternary iron-based materials and RI = 7.67%.
The α-phase 
